Immunization is one of the most significant achievements of public health over the last 100 years. Recently, however, people have been increasingly refusing to vaccinate. There are a large number of separate studies on how pervasive this behavior is and what factors influence it, but no systematic review has been undertaken so far that looked at these studies as a whole. To conduct an analysis of studies that examine vaccine refusal and negative attitudes towards vaccination, focusing on the methodological approaches to the study of these problems and evaluation of their quality. A systematic review of English-language studies published between 1980 and 2015, using the Web of Science™ Core Collection database. The final review dealt with 31 papers. The studies in question were mainly conducted in North America and Western Europe. They were published three years after conclusion, on average. We have identified five different approaches to the study of these problems: 1) studies of parents' attitudes and behavior; 2) analysis of vaccination records; 3) studies of attitudes and behavior among the general population; 4) studies of medical professionals' attitudes, behavior, and experience; and 5) others. We found that theoretical models were not commonly used at the planning stage, while the studies also lacked a common approach to the operationalization of vaccine refusal, as well as of negative attitudes towards vaccination. Several promising directions have been identified for future studies on vaccine refusal and negative attitudes towards vaccination.
Studying anti-vaccination behavior and attitudes: A systematic review of methods
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by a lack of resources as by informed refusal to vaccinate (e.g.; Omer et al., 2006; Daniels et al., 2001) .
Today, insufficient commitment to vaccination is commonly viewed as being within the framework of the continual model, whereby the extremes are represented, respectively, by vaccine acceptance and vaccine refusal/rejection, while intermediate forms include various cases of so-called vaccine hesitancy in the sphere of decision-making about vaccination (Larson, 2014) . This hesitancy includes multiple behavioral strategies toward preventive vaccination and looking for an alternative vaccination schedule (Saada А. et al., 2015) , including selective delay/refusal, late vaccination (Benin et al., 2006; gust D. A. et al., 2008; Dempsey et al., 2011) , or just cautious acceptance while expressing doubts when consenting to vaccination (Leask et al., 2012) .
Because this phenomenon has so many different manifestations, empirical studies thereof differ in their methodological basis, as well as in their subject matter. The latest attempts to summarize diverse empirical studies include a review by Larson et al. (2014) regarding vaccine hesistancy phenomena; one by Falagas and Zarkadoulia (2008) focusing on suboptimal compliance with vaccination requirements for children in developed countries only; and a paper by Quadri-Sheriff et al. (2012) looking at the personal motivations behind decisions on immunizationthe idea of herd immunity.
There are two main conceptual differences between this study and those mentioned above:
1) The focus of our analysis is on the extreme of the vaccine hesitancy continuum, i.e. on the phenomenon of vaccine refusal. We believe that it is this particular aspect of vaccine hesitancy that is the most interesting from the public health point of view, both practically and scientifically. Moreover, vaccine refusal might be characterized by a different set of factors than other types of vaccine hesitancy; therefore, such studies should, perhaps, be analyzed separately. 2) This paper looks at the methodological basis underlying studies of vaccine refusal, rather than trying to analyze their results. The existing systematic reviews offer but a superficial look at the design and methods of vaccine refusal studies. A systematic review of the methodological basis of such studies will allow the identification of their main deficiencies, as well as offering some insights into developing new approaches. Also, this type of analysis is indispensable for those countries and researchers who are just beginning to examine these problems (thus, we were able to find but a few recent studies of this kind conducted in Russia (Antonova et al., 2014; Elukova, 2015) .
Method
To describe the methodological approaches to analyzing the vaccine refusal problem, the systematic review method was used. The review included papers on social or medical issues published between 1980 and 2015 in peer-reviewed journals, and containing the empirical results of the original studies.
Paper search algorithm
The search for the papers was conducted in the fall of 2015, using the Web of Science TM Core Collection electronic bibliography database.
The following criteria were used for including a source in the study:
• Publications had to be in English;
• The publication date had to be between January 1, 1980, and October 1, 2015; • Data on the methods and results of an empirical study of the vaccine refusal phenomenon among any population group had to be available; • The studies had to focus on attitudes/behavior leading to the rejection of all or most vaccines (but not any one specific vaccine) for oneself and/or one's children.
The following criteria were used to exclude a study from the review:
• The studies focused on attitudes/behavior concerning specific vaccines. In the process of working with the Web of Science™ Core Collection electronic bibliography database, the following search sequence was used: (antivaccin*) or (anti-immuniz*) or (vaccin* near/3 refus*) or (vaccin* near/3 denial*) or (antivaccin*), and "1980" [Date -Publication] : "2014" [Date -Publication] . A total of 679 entries were found, among which were 536 relevant papers. After an assess-ment of the correspondence of the title and abstract to the search criteria, 479 of these papers were rejected. After a review of the correspondence of the complete publication text to the inclusion and exclusion criteria in the remaining 57 studies, the final corpus included 31 publications which contained materials of original studies of the vaccine refusal phenomenon (Table 1 ). Figure 1 shows the step-bystep search algorithm that was applied.
Results
Timeframe
The papers that were included in the analysis were published between 2002 and 2015. At the same time, we did not detect any periods where there was a particular surge of interest in these problems: Starting in 2008, every year saw the publication of 2-4 papers on the subject that met the inclusion criteria. On average, it took about three years from the data collection stage to the date of publication (M=3.12; min=1; max=8).
Country of study
An overwhelming majority of the studies (21=68%) were conducted in the United States. Another 7 studies (23%) were conducted in Western Europe (mostly in the Netherlands). A significant contribution was also made by Canadian researchers (3=10%). The only study conducted outside North America or Western Europe was conducted in Bangladesh.
Study design
An overwhelming majority of the studies used the quantitative approach (23=74%). Two of the studies combined qualitative and quantitative methods.
Among the quantitative studies, the largest group was represented by those that were conducted using a cross-sectional design (19). Other research designs were much rarer: three experimental studies were found, as well as one retrospective matched cohort study and one case-control study.
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The majority of the quantitative studies (15 out of 23=65%) used multivariate methods for statistical analysis; however, a third of the studies (5=22%) used only bivariate methods to describe correlations between vaccine refusal and other variables; alternatively, data was described using descriptive statistics only (2=9%).
Nine of the reviewed studies (26%) used only qualitative methods. On the whole, we can identify several independent types of studies looking at vaccine refusal and its factors.
Studies of parents' attitudes and behavior
This group includes both qualitative and quantitative studies, which focused, above all, on examining parents' behavior and attitudes regarding vaccination of their children, and which used self-reporting. This group makes up the majority of the 182 K. Y. Eritsyan, N. A. Antonova, L. A. Tsvetkova studies found (20=65%). The groups were highly heterogeneous in terms of children's ages: Some researchers focused on parents of very young children, at the age when the greatest number of planned vaccinations occur; others used a much broader timeframe. The latter approach, however, can be slightly more susceptible to criticism. The fact that vaccination primarily occurs at a young age may compromise parents' ability to remember the conditions under which their children, who are older now, were to be vaccinated.
The data from such studies was often collected using samples representative of individual regions or even countries, and their size in some cases reached as many as 11,000 people. It should be noted that using large samples could often be justified under such an approach. The proportion of parents who report complete or partial vaccine refusal can be rather small, so the sample size determines whether the researchers will be able to examine the defining characteristics of a given subpopulation. In some studies (e.g., Dempsey et al., 2011) , the authors say directly that a more thorough analysis of a group of individuals refusing vaccines was deemed impossible due to statistical requirements.
A number of researchers used special techniques to overrepresent the parents who refused, or had negative attitudes towards, vaccination. Indeed, these included both purely statistical methods, when a random sampling was used, and methods that might potentially lead to various biases in quantitative studies (e.g. inviting parents subscribed to antivaccination websites to take part in the study).
In a few of the studies, the main target group included those parents who followed certain alternative vaccination patterns.
It is difficult to identify one prevailing method of data collection in such studies. The quantitative approach is characterized in equal measure by telephone surveys, surveys using paper questionnaires, internet surveys, surveys conducted by mail, and surveys conducted by e-mail.
In qualitative studies, the leading role is played by semi-structured interviews and focus groups. Like other types of qualitative studies, in most cases they are characterized by small sample sizes and enrolment of participants with the help of snow-ball, targeted, purposive, or other kinds of non-probability sampling frameworks.
On the whole, the main criticism of quantitative studies of this type has to do with the fact that data collected through self-reporting, may be of dubious reliability in view of the social desirability bias phenomenon. There was only one study (Smith et al., 2011) where researchers were able to enhance the survey data with the results of objective measurements, i.e. data collected from medical records.
Analysis of vaccination records
In our review, this type of research played the main role in three studies (9%). All the studies examined the proliferation and correlates of vaccine refusal for children on the basis of data from health insurance companies. This method has significant advantages: the objective nature of data (especially for those countries where an overwhelming majority of medical procedures are processed by insurance companies), the possibility of a longitudinal design, and a significant volume of data. Thus, in the papers of this kind, which were included in our review, the sample size varied from 1,249 (in case of a random sampling) to 100,000-300,000 people (in case of a continuous sampling). The main limitation consists in the forced nature of the variables included in the analysis -i.e. only those that are collected by the insurance company. In a vast majority of cases, these variables include only sociodemographic data and data on seeking medical help.
Study of attitudes and behavior among the general population
This category only included 4 papers (13%). The main feature of these studies was the use of an experimental design, which was present in most such studies (3 out of 4), but absent from studies of any other type. In experimental studies, surveys are usually conducted using paper questionnaires or online forms, while informants are enlisted randomly or via specialized paid resources. Sample sizes are relatively small -150-500 people. One study (Mollema et al., 2012 ) resembled a standard survey of parents, i.e. a questionnnaire survey of a large representative sample. A certain advantage of this particular study consisted in the presence of parallel objective measurements, including the results of blood tests, as well as data from medical records.
Study of health professionals' attitudes, behavior, and experience
This category includes roughly one fifth of all papers that were analyzed (6 papers=19%). We can identify two major directions in such studies: 1) health professionals were used as experts who can define the vaccine refusal situation (e.g. Fredrickson et al., 2004, and Quaiyum, gazi, Khan, 2010) , while their own attitudes were not examined, and 2) the main focus of the study was on health professionals' own attitudes towards vaccination. It should be noted that papers of the latter variety more often than not focused on practitioners of alternative medicine (chiropractors, naturopaths, etc.). Due to their limited numbers, a continuous sample of 300-500 people was usually used. In one particular case (Merglera et. al., 2013) , researchers used the unusual design of analyzing the attitudes and behavior of health professionals (including alternative medicine practitioners) vis-a-vis the same characteristics of their patients. In all cases, these studies used quantitative cross-sectional or qualitative approaches.
Other
Only two papers (6%) do not fit into the above classifications: one qualitative study which examined the attitudes and behavior of religious community leaders with regard to vaccination (Ruijs et. al., 2013) , and another which looked at the rates and correlates of vaccination within a specific adult subgroup -individuals suffering from chronic immunosuppressive states (Teich, Klugmann, Tiedemann, 2011) .
Theoretical basis
In a vast majority of cases (22=71%), researchers did not mention the use of any theoretical model underlying their study. The most popular theoretical model in the rest of the papers was a classical health psychology theory -the health Belief Model (Rosenstock 1974) (3 papers). In addition to that, one of the studies made use of another classical health psychology theory, the Theory of Reasoned Action (Ajzen, Fishbein 1980) . Interestingly, all the studies that used the theoretical basis of the health Belief Model were organized according to a quantitative cross-sectional design.
The other studies differed totally in their theoretical bases. Qualitative studies relied upon gender theory, the "popular (lay) epidemiology" phenomenon, and probabilistic models of technical risk assessment. In quantitative experimental studies, possibilistic models of social risk assessment, as well as a mix of diverse communication theories, were used.
Measures
Our review included studies whose outcomes included both variables characterizing behavior (vaccine refusal), and those characterizing negative attitudes towards vaccination.
Vaccine refusal was operationalized in the studies in several different ways. In studies based on self-reporting, the following were used: rejection of all vaccines, or incomplete vaccination (rejection of at least one vaccine). Moreover, only in some of the studies did the authors make special mention of the fact that this refusal had to be motivated by certain personal, non-medical reasons. Thus, the group was viewed broadly, and the results of the studies might have been less representative due to the fact that those who refused for personal reasons, and those who were exempted following a doctor's recommendation, were not distinguished.
In some cases, those who could not remember the characteristics of their vaccinations were also included in this group. however, in this instance, it is highly unlikely that in this subgroup of vaccine refusal would have been motivated by any conscious beliefs and attitudes. In some cases, a highly insignificant time period was studied (for instance, the first two years of a child's life), and if a vaccine was not administered during this period, this case was classified as vaccine refusal (incomplete vaccination). however, in this instance, some of the cases could have been caused by a delay of vaccination, rather than vaccine refusal, and factors that influence such a decision can vary greatly. In cases where researchers relied entirely or in part on medical documents, concrete measures could also differ: a total absence of vaccines, incomplete vaccination, total number of days undervaccinated, or even being diagnosed with a vaccine-preventable disease.
Negative attitudes towards vaccination. One of methods of evaluating such attitudes consisted of a change of intention to vaccinate, which may pertain to some future situation (for instance, accepting any remaining vaccinations) or to making a decision after reading a fictional scenario. As a rule, the analysis included not only cases that demonstrated an intention to refuse vaccination, but also those with the absence of a clear intention to get vaccinated (unsure, probably).
In most other cases, attitudes were evaluated using several single local-focused items, which were grouped together in some of the cases, but were routinely analyzed on a one-by-one basis. Only one of the studies used a theoretically based index, adapted from the Ajzen and Fishbein approach (Kareklas, Muehling, Weber, 2015) .
In one of the studies, it was a favorable opinion about anti-vaccination movements that served as a proxy-measure of negative attitudes to vaccination (Coniglio et al. 2011) .
In studies conducted among health professionals, as well as in the paper that looked at religious leaders' attitudes, it was a person's intention or actual experience of advising patients not to vaccinate or to vaccinate incompletely that was used as a measure.
Discussion
The first publications based on original studies corresponding to the criteria we defined earlier, dated back to 2002 (the data was collected in 1998). Taking into consideration the fact that our analysis included studies conducted over the last 35 years (i.e. from 1980), we can conclude that active study of socio-psychological factors influencing vaccine refusal as a phenomenon (but not rejection of individual vaccines) goes back to the turn of the century and has been going for about 15 years.
Our study was able to identify several methodological peculiarities characterizing the design of vaccine refusal studies, which limit possibilities for achieving generalization and comparative analysis of their outcomes.
• The predominantly cross-sectional design does not make it clear whether cognitive factors constitute the reason, or the effect, of making a decision about vaccination.
• The "forced" nature of the factors studied, which is typical of population studies with a wide scope, as well as of studies based on analysis of medical records, which are determined by the kind of infomation that can be found in the research tools.
• Insufficient use of qualitative methods.
• Insufficient use of theoretical models during the study planning stage.
• Significant differences in formulating the dependent variable. This is typical of studies examining behavior (vaccine refusal), as well as of studies examining attitudes to vaccination.
The limitations that were identified should be taken into consideration in future studies, which will allow the collection of a pool of data that will be much less susceptible to criticism, and could be used to generalize the phenomena discovered, as well as to draw inter-territorial, temporal, and inter-group comparisons. conclusion Based on the data collected, we can identify several promising lines of research that have not been thoroughly explored yet, but are capable of providing uniquely valuable information necessary to understand the nature of the vaccine refusal phenomenon:
• Longitudinal studies, aimed at analyzing the dynamic of attitudes and behavior towards vaccination among various population strata.
• Experimental and quasi-exeprimental studies of interventions aimed at changing attitudes and behavior towards vaccination. Such studies among parents, who make the decisions concerning their children's vaccination, could potentially bring the most benefits, but at the same time they present serious ethical dilemmas. That is why, perhaps, our review contained only a handful of studies using an experimental design, all of which were conducted among the general population.
• Qualitative studies or studies of the mixed methods design type, which could reveal other factors playing a role in vaccine refusal, in addition to cognitive beliefs, which the studies traditionally focus on.
• Studies of specific population groups, which could be important for understanding the psychological mechanisms of vaccine refusal and the role of social factors in that. When we began this study, we tried to find papers that would examine individuals who were completely certain of the necessity to reject vaccination, and passed on their beliefs to other people. Unfortunately, we were not able to find any studies examining members of anti-vaccine movements. We believe that one of the possible directions that future studies could take, could be the study of anti-vaccine movements' followers. Recent papers demonstrate that studies of broader groups (for instance, those that include vaccine-hesitant people as a homogeneous group), may face serious criticism, because such a group could turn out to be highly heterogeneous (e.g., Betsch 2015).
• Finally, a broadening of the studies' geography beyond North America and Western Europe, with the aim of evaluating the degree of universality or cultural specificity in the identified mechanisms that determine vaccine refusal.
limitations
Our review has a number of limitations. First, all the studies that were included in our analysis were published in English. Second, our study focused on factors influencing the phenomenon of vaccine refusal as a whole, rather than on specific vaccines. Third, we did not attempt to find papers in databases of other publications (other than the Web of Science™ Core Collection), nor did we make any attempts to identify relevant gray literature (for example, conference proceedings). Also, certain studies may have escaped our attention because they used a different set of key terms. Students and non-students, who were asked to imagine they were parents
